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Fig. 2. Three-node element in the natural coordinate system.
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Abstract:

Shape and topology optimization have become one of the main researches that is widely used in engineering
fields. The purpose of topology optimization is to find an appropriate (optimal) distribution of materials in
the design domain so that the shape and number of voids is optimized and the objective function is
minimized or maximized. In recent decades, noticeable researches and various topology optimization
methods were proposed. The level set method is being used successfully in structural shape and topology
optimization. This method is an implicit method for moving interior and exterior boundaries, while these
boundaries may join together during the process and new voids may be formed. The structural boundary is
illustrated by the zero level set and nonzero in the domain. In the above context, the level set function is used
as a switch to distinguish between the two domains present in the computing space. This way of illustration
has an important feature by which the domain boundaries can be combined together or divided. By using the
solution of Hamilton-Jacobi equation resulting from this function, the domain’s boundary starts to move. The
control over movement of this boundary is done by velocity vector of Hamilton-Jacobi equation. Now, in
order to use this method in topology optimization, it is sufficient to establish a relationship between velocity
vector of Hamilton-Jacobi and shape derivation, which is used for optimizing objective function. It is
possible to use standard level set for structural topology optimization.

In this paper, the spherical Hankel basis functions are used to optimize the structural topology using the level
set method. The proposed functions are a combination of the first and second kind of Bessel functions fields
as well as the polynomial ones in complex space and are derived from radial basis functions. Using the
spherical Hankel functions, the dependence of the function of the level set method on the space and time is
separated, which results in the transformation of the Hamilton-Jacobian partial differential equation into a
conventional differential equation. In this way, the difficulties arising from solving partial differential
equations are eliminated, and thus there is no need to re-set the function of the level set method in the
optimization process. Further, in order to increase the speed and precision of convergence in creating an
optimal design, the classic Lagrange shape functions are replaced with the spherical Hankel ones. The
proposed shape functions have some properties such as infinite piecewise continuity, the Kronecker delta
property, and the partition of unity. Moreover, since they satisfy all three polynomial fields and the first and
second kind of Bessel ones in the complex space, they can be effective in improving the accuracy and speed
of convergence, while the classic Lagrange shape functions are able to satisfy only the polynomial function
fields. Finally, several numerical examples are presented to study the performance of the spherical Hankel
radial basis and shape functions.

Keywords: Henkel Spherical radial basic functions, spherical Henkel shaped functions, Topology
Optimization, Level-Set method
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